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[ Abstrace: Expenimental evidence for the decline of sown pasture is reviewed, On-farm plant 5ur-|
veys provide useful indices of botanical status. However, the performance of grazing animals i the |
ultimate 1est for the reality versus the perception of pasture decline. Animal data are best provided|
by experiment rather than by survey, because many non-pasture decisions can affect animal pro-|
duction. To show the connection between sown species Toss and animal production, we have sum-|
marised a 3-year study based on well-fertilised, sown temperate pastures set stocked from zero toi
3 dsefha. Long-term botameal changes were markedly non-linear and are explained as the joint
effects of species competition, stress from severe drought, a reduced legume-based nitrogen econ-
omy, and disturbance from stocking rate and grazing preference. Reduced wool production and nu-
tritenal stalus were dssociated with loss of sown species; bul the relationship was strongly
dependent on stocking rate, where consideration of animal welfare, risk and utility and need for|
supplementary feeding are also important. Fertiliser input is also critical, and evidence 15 drawn
Itom three major experiments based on sown pasture and combinations of superphosphate level
and sheep stocking rate. Responses overall are remarkably consistent and provide a reminder thal
these two decisions are paramount for sustaining production. Legume presence also ranks highly.
Claims for benefits from rotational grazing systems versus set stocking are noted. It 1s concluded
that pasture decline, when assessed as loss of sown species, is not fiction. However, the causes and
etfects of such loss on production are inseparable from decisions on fertiliser, stocking and legume
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presence.,

Playing the sceptic
Six years ago, Ken Archer and his colleagues ad-
dressed this question at your conference (Archer
eral. 1993). In their widely ranging review they ex-
amined economic evidence, farm survey data, pas-
twre pests and diseases and the impact of far
reaching problems such as inadequate plant cover,
sonl aeidification, and dryland salinity. We have nar-
rowed the focus and directed attention to the experi-
mental evidence for decline of our sown, temperate
pastures, the processes that govern change in these
communities, the importance of decisions on fertil-
1ser and stocking rate, and the topical issue of bene-
[its 10 be gained from grazing management,

Popper (1968) reminds rescarchers of the need
to “subject their ever tentative conclusions to ever
renewed and ever more rigorous lesting’, Thus,
while the prevailing view is that our sown temperate
pastures are in serious decline, an examination of
experimental evidence may be timely. Is the decline
Just perception or is it a reality? Reports of change
in pasture composition are consistent, but do these
necessarily constitute production decline for the
grazer andfor the grazed?

Measuring the production of grazed pastures is
not casy. Herbage mass by itself is not a measure of
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pasture production because of the processes of
growth, consumption, death and decomposition are
continuous ones. What you record in a grazed pas-
ture at any point of time is what the animals have
not eaten and indeed may never eat; thus assess-
ments can be biased against sown species which
have high grazing preference. Also, some replace-
ment species can be valuable and hence a loss of
sown components does not automatically confer de-
cline. Claims for loss of a plant species may not be
upheld for long because of its potential regeneration
from residual and migratory propagules. Seguences
of good or poor seasonal conditions can either mask
or inflate the perception of decline. Most impor-
tantly, apparent pasture decline needs 1o be backed
by evidence of an accompanying loss in anmimal pro-
duction, and here unconfounded data are in short
supply. Finally, little effort has been devoted to
studying the interplay of key factors and mechi-
nisms that govern botanical change in our grazed
temperate pastures under a range of manage-ments
and hence our ability to predict the time course [or
pasture change is limited.

Temperate pastures of the high rainfall
zone (HRZ)

The results of published surveys of the botanical
status of temperate HRY. pastures have been tabu-
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lated by Wilson and Simpson (1993). The authors
nate that farm pastures rarely conform 1o the agro-
nomic ideal and they calculate that large areas of
SOWN lemperate pastures are at least 23 years old,
with their perennial grasses being replaced largely
by annual species. However, the sowing of exolic
perennial grasses was only one parl of the pasiure
revolution of the fillies; the other important ele-
ments were the use of superphosphate and the sow-
g of exolic legumes. At that nme, the value of
native perennial grasses was largely dismissed on
the grounds that natives would be less responsive to
enhanced soil nutnent status (phosphorus, sulphur
and legume nitrogen) and they were of low nuinitive
value with little winter production. In recent dec-
ades these assumptions have been vigorously and
usefully debated. Currently however, the champion-
ing of pative versus exotic grasses has become a
distraction. Species origin should be frrelevant to
the grazing emterprise and research must focus on
evaluating polential contributions from either group
to the enhancement of agroccosystem function.
Here the key biological issues are plant and animal
vield, their quality, seasonal distibution and persist-
ence, soil cover, hydrology, the retention and bio-
logical recycling of nutrients and the needs for
fertiliser. It should be recognised that sown legumes
play a pivotal role by providing nitrogen input 1o
sustain pasture production as well as a high-quality
diet for graring animals. Of course there is a down-
side o legume-dominated pastures; the develop-
ment of soil acidification and bleat are examples,
but such issues are not part of this review.

The 30-year Big Ridge site

The Big Ridge area (alt. 10530m) was sown to
phalaris (cv. Australian) and white clover {cv. Huia)
in 1958, In 1964 plots of 0.4 ha were set stocked
with Mering wethers at 10, 20 and 30 dse/ha. In
1965 and 1980, there were two major droughts and
post 1980 stocking rates were revised to 10, 15 and
20 dse/ha on ethical grounds. A fourth treatment of
40 dse/ha was abandoned in 1968 and left ungrazed
for the next 30 years., A split-plot fertiliser rundown
experiment was imposed on half of the experiment
in 1978 but those results will not be presented here,
Data (1965 w 1980 from the remaining grazed
plots (3 stocking rates by 2 replicates) have been
chosen to illustrate the impact of sown species loss
on wool production from fine-woolled Merino
wethers and the caleulated values for their metabo-
lisable energy intake (MEID) from pasture (Hutchin-
son et af, 1998), The plots were fertilised annually
with 250 kg/ha of single superphosphate from 1963
and with 125 kg/ha of potassium chloride until
988, The basal cover (BC%) of plant species was
estimated as ground level hits of plant bases per 100
paints using a vertical 10 pin frame {(Levy and Mad-
den 1933) with 800 points/plotfyear. BC% was re-
corded in May 1964 and in the last week in
September in all subsequent years until 1993,
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Figure 1. Area diagram showing changes over 3 vears in
spring presence of sown phalaris and white clover, an-
nual clovers, other grasses and broad-leafed weeds (1964
to 1993}, The pastures al Armidale NSW were well-fertil-
ised, stocked nt three levels and suffered two major
droughts,

Spring measurements of BC% were chosen hecause
the primary aim was to monitor the presence ol
cool-season species,

Long-term agronomic changes

A summary is presented of changés in the pres-
ence of major species and agronomic groups (Fig-
ure 1). Details of species succession, association
and divetsity under the four stocking levels will be
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published elsewhere, Sites were hotanically diverse
with more than 100 species being listed over the
whole area.

White clover

The persistence of white clover in the northern
temperate high rainfall zone (HRZ) 15 a major prob-
lem. Producers often refer to white clover as their
‘fair weather friend'. Limitations of this species and
potential for new cultivars have been summarised
recently (Lane et al, 1997). Data presented here are
from the Big Ridge study and show the dominant
and interacting effects of stocking rate and drought
on the presence of white clover in well-fertilised
pastures (Figure 1), Detafled analysis of these data
has shown the striking effect of moisture stress in
late summer and awtumn on white clover presence
in the following spring (Hutchinson ef af. 1995) and
this 15 due 10 the death of white clover stolons
{Archer and Robinson 1989). A high frequency of
stolon death imposes dependence for regeneration
on the white clover seed bank and its reserves can
hecome limiting in the long- term, particularly un-
der heavy stocking where annual clovers (prolific
seeders) assume dominance (Figure 1). However,
white clover is never extinguished and with a mn of
good seasons it can emerge and spread from patches
with reserves of hard seed. Nevertheless, reseeding
is often warranted to achieve a good cover quickly
and at a relatively low cost. In kinder temperate cli-
males, with a low frequency of stolon death, a cycle
of clover-grass-clover dominance may occur (Turk-
ingion and Harper 1979), driven presumably by a
buitd up of legume-derived soil nitrogen (N), and
decline as a result of competition from the perenmal
prass. Between 1966 and 1980, a comparison of the
timing of wends for phalaris and white clover sug-
gests that part of such a cycle oceurred in the low
stocking treatment (Figure 2.

Australian phalariy - a model of persisience

The Australian cultivar is known for its resil-
ience post-drought, but its recovery is strongly in-
fluenced by stocking rate (Figure 1). It is of interest
that during the course of the 30-year Big Ridge ex-
penment, observers have never noted any seedling-
based regeneration of this cultivar, Its strategy for
vegetative regeneration would seem to be based on
the amount and distribution of rhizomatous mer-
istem as a source of (illers. This resource is likely to
be governed by the defoliation frequency of young
tillers by grazing sheeép. The status of plant reserves,
influenced by drought and defoliation interaction, is
clearly involved (Scott et el 1997), Competitive
and suppressive mechanisms and escape through
low accessibility of meristem 1o the grazer may also
comtribute to the persistence of Australian phalans
in a diverse community, The likely interplay of
these factors will be discussed later.

A drift towards ‘annual’ grasses - is this inevita-
hle?
The main annual and short-lived perennial grass

penera recorded al Big Ridge were Poa, Bromus,
Vulpia, Hordewm and Eleusine. These appear to be
common replacements for sown perennial grasses
through the temperate HRZ (Wilson and Simpson
1993}, Replacement of phalaris by "annual’ grasses
was slower under conservative stocking (10 dse/ha)
but it was substantial by the 23rd year of the experi-
ment (Figure 1. Over the last seven years of the ex-
periment, quasi-equilibriz between phalaris and
‘annual’ grasses were achieved with approximate
ratios of 1:1 for 10 dse/ha and 1:2 for the intermedi-
ate stocking rate. Over the same time period, the
presence of sown phalans at the highest stocking
leve! was negligible. It is of interest that in the un-
grazed sites (data not shown), phalaris had achieved
virtwally complete dominance by the mid-seventies
and has sustained this dominance, It seems reason-
able to conclude that the replacement of phalaris by
‘annual’ grasses is governed mainly by the effects
of stocking rate and grazing preference acting inter-
actively over time. Success-ional advantages for the
cool season annual can be attributed 10 a preference
ranking lower than phalaris, to an escape from graz-
ing over the summer and early autamn, and to use &
strategy (seed pool), which s less exposed to graz-
ing than the vegetative regeneration of phalaris.

The dicots
Annual clovers, notably nodding (Trifolium cer-
puwm) and clostered (T, glomeratum), became
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Figure 2. Piece-wise linear trends for mean botanical
change in low versus high set-stocking treatments, The
linear sections approximate least squares smoothing of
data from replicated plots,
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dominant in the high stocking rate treatments (years
1210 30 in Figure 1). This was an important succes-
ston and plays & major role in the annualisation of
these communitics. There was also some late emer-
gence of annual clovers (vears 28 and 18} in other
stocking treatments (Figure 1). These annuals have
a relatively short growing season during the winter-
spring (about 5 months), are highly preferred by
sheep and other verlebrate fauna and are prolific
seeders. There 15 also evidence of a shorl-term, cy-
clical dominance alternating with the annual
grasses: This suggests that the annual clovers make
a useful contribution to the N economy of these
heavily grazed communities.

The main broad-leafed ‘weeds' were Hypo-cho-
eriy radicata, Paromychia braziliana, Cerastium
glomeratunt and Crassula pedunciudaris. & weed is
olten defined as a plant in the wrong place; however
wrongness can be a matter of subjective conviction,
Broad-leafed ‘weeds' appear to play gap-filling
rioles, but some could have significant forage value,

Explaining long-term change

Grime {1979} proposed a triangular ordination
of grassland species based on their competitive abil-
ity, their tolerance to stress and their capability 1o
cope with disturbance from fire. cultivation, tread-
ing and grazing, One aim of the Big Ridge study
was 1o provide sufficient temporal data to evaluate
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Figure 3. Metabolisable energy intake from grazing and
annual wool production related to sown species presence
and stocking rate in well-fertilised pastures at Armidale
NSW (adapted [rom Hutchinson e al, 1998).

successional changes 10 lemperate sown pasiures
subjected to a wide range of set stocking levels and
subject o severs drought. Grime's model provides a
useful starting point for explaining the joint and in-
teractive effects of competition (C) between spe-
cies, stresses (5) due to drought and poor clover
presence (N economy) and disturbance (1) due o
the combined effects of stecking level and selective
graring. Interactions are likely to be complex and
long-term responses markedly non-linear. Trends
are based on 30-year mean data for low and high
stocking treatments (Figure 2), Linear dpproxima-

‘tions for fitted trends are presented and the [ollow-

ing emerged;

e There was a major interaction between stocking
rate and drought, shown by substantial differ-
ences in the recovery (resilience) of the two
sown species and in the onset of "annualisation’
Al the high siocking rate  “annualisation’
emerged in year 4, under conservalive stocking
this did not occur untl year 19 and aller two
major droughts.

e Al the low stocking level, difference in the um-
ing of decline for white clover versis phalans
warrants comment. It suggests a shorl term cy-
clical dominance (years 3-13), which is fol-
lowed by poor legume presence. This would
teduce the legume N ecopomy and could con-
tribute (o the subsequent decling of phalaris. At-
tention has been drawn recently o the
association between ageing of sown grass puas-
tures and production decline (Jones 1996). For
the pasture communily, age in a NArrow sense
could be viewed as a marker for time and 1t 15
important to identify the underlying cause of de-
cline. For example, a substantial fall 10 caitle
liveweight gain has been associated with the age
of green panic pastures and then attributed to re-
duced mineralisation of nitrogen (Robbins ef al,
1986}, OFf historical interest was a comparable
view that decline in phalaris pasture with age
was doe lo poor mineralisation of iis organic
residues, characteristicully leaving the pasture
sod-bound (White 1939).

® A major factor governing species change arises
from the opposing influences of competitive
dominance from the tall perennial phalans with
its suppressive litter mat (e.g. Leigh and Halsall
1994} versuy mcreasing disturbance levels trom
the combined effects of selective predation and
stocking rate. The latter increases the opport-
unily {gaps) for other species to establish, Pas-
ture litter 15 an imporlant resource, providing
soil cover and a major food source for useful
soil hiota. The guestion of balance hetween lit-
ter levels and the degree of pasture vtilisation is
important

The C-5-13 interpretation (Grime 1972) provides
a useful starting point, but additional influences
could be added, Herbivory, for example. can also



Sevwny temperate pastere decline - Fact or fiction

peipe 82

restructure grazed plamt communities by a palchy
rechstribution of nutrients from animal excreta.

Animal production - does loss of sown
species matter?

Choice of stocking level has a powerful influ-
ence on both animal production/hectare (McMee-
kan [956) and the loss of sown species (Figure 1),
Aversion 1o sk, utility, the cost of supplementary
teeding, and commodily prices are also major fac-
loes in stocking policy decisions (McArthur and Til-
lon 1971), Consideration of the ethics of animal
welfare and the cost of losing the sown pasture re-
source must be added, Given this complexity, we
hive reduced the data on sheep responses o sown
species loss at Big Ridge, so that the question posed
in the title of this review can be addressed. The
maximum level for wool production per hectare has
been set so thal grazing alone provided maintenance
energy [0 support a minimum body condition score
of 3 for adult Merino wethers (SCA 1990 in an av-
erage rainfall year, In drier years, either some sup-
plementary feeding would be necessary or sheep
nuribers would. need 1o be reduced. The mean an-
nual rainfull at the Big Ridge site was 888 mm for
the vears 1964 to 1979, The ability of wethers to
harvest metabolisable energy (ME) was calculated
Itom data on hiveweight performance and appropri-
ale cnergy conversion paramelers. Wool production
per hectare and ME intake (MEID) were then related
o stocking level and a declining presence of sown
species using published equanons (Hutchinson er al,
1998). Responses have been reduced 1o two-dimen-
stons with predicted values recorded in cells in a 2-
dimensional matrix (Figure 3). This format has also
been lollowed in Figures 4 1o 6.

Values for grazing-based MEIL in the hatched
cells indicate levels of nutnition from pasture which
failed 10 support the body condition of Merino
wethers al an acceptable level (9.5 Ml/ha sheep/
day), The need for supplementary feeding becomes
progressively ereater at the higher combinations of
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Figure 4, Annual wool production per hectare related to
superphosphate levels and stocking rate for sown pas-
tures at Kangaroo Island SA (adapted from Carter and
Day 1970,

stocking level and sown species loss. Values for
MEI and annual wool production per hectare show
similar trends, both indicating substantial interact-
ion between sown species foss and stocking rate. Al
low stocking rates (10 dsefha), sown species loss
did not influence production, whereas at high stock-
ing rates (20 dse/hia), a 44% loss in sown species re-
sulted in a 13% reduction in wool cut per heclare,
Woaol cuts above 100 kg/ha from ‘agro-nomically
ideal’ pastures were a feature in exper-iments of the
1970"s (e.g. Langlands and Bennett 1973). Two fur-
ther points must be stressed. Firstly, the impact of
sown species loss on prime lamb production, which
is demanding of high nuiritive value in pasture,
would be expecied to be greater, Sccondly, the Big
Ridge experiment received high and sustained fer-
tiliser input. As is the case for stocking rate, fertil-
iser use can have major effects on production and
pasture decline may also be involved.

Fertiliser - a major decision

Superphosphate, Species (notably sub-clover)
and Stocking rate (the 3 8's) was the catchery for
the sown pasture revolution of the fifties, With the
low prices for wool and meat in the nineties, re-
search attention turned away from ferilisers 1o
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Figure 5. Annual wool production and lamb weaning
weight per hectare related to mean superphosphate ley-
els and stocking rate at Stuart Town NSW (adapted
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grazing management in a search for a low-cost solu-
tion to the pereeived decline of our temperate pas-
ture resource, However, from time to tme the vabid
question has been raised as to whether a lowered
use of fectiliser may itself be a major cause of pas-
ture decline. Hence 1t is limely to summarise find-
ings of three major experiments which have
investigated responses involving levels of feriliser
input,

The joint effects of superphosphate and stocking
rale on production from strong-woolled Merino
wethers were investigated in a three-year grazing
experiment at Kangaroo Island, SA (Carter and Day
L9700, Prior to the experiment, three tonnes per hec-
tare of superphosphate had been applied. The mean
annual rainfall for the three years was about 500
mm. The species sown were perennial ryegrass and
subterranean clover. However, there was a substan-
tial presence (53%) of other grasses and dicots in
the pastures. Single superphosphate rates ranged
from 94 to 282 kgfhalvear and set siocking rales
from 9.9 to 16.5 dse/ha, There was no association
hetween fertiliser inpul and species compoesition
over the three year period There were significant re-
sponses 1o both superphosphate and stocking rate
and the data showed that a combination of high
rates of stocking (16.5 Merino wethers/ha) and su-
perphosphate produced about 100 kg/ha of wool
{Figure 4). Wool production responses from the Big
Ridge experiment, which received 230 kg/ha super-
phosphate per year, were comparable,

A 10-year expenment at Stuart Town, NSW
(Davies er al, 1998) was based on combinations of
superphosphate use (annual cquivalents of 32, 63,
125 and 250 kg/hafyear) and stocking levels of
breeding ewes with lambs held to weaning (3.6, 4.0,
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Figure 6. Annual wool production per hectare from
breeding ewes related to widely ranging bul incomplete
combinations of superphosphate levels and stocking rates
at Hamilton Vic. (adapted from Saul 1994),

34 and 7.0 ewes/ha). About 1 tonnefha of super-
phasphate had been applied prior 1o the expernment.
Mean data for 2 three-vear penods (1984.6 and
1987-9% have been extracted For this review and the
mean annual rainfalls for these two pericds were
648 and 629 mm respectively. There were ne elfects
from lertliser or stocking rale on spring pasture
composition  (sub-clover 39%, phalaris 5% and
other grasses and dicots 46%) and lambing per-
formance, Data for wool production and weight of
lambs weaned per hectare {assuming 80% lambing)
are given in Figure 5. The mamn result was a linear
response inanimal produchion o stocking rale
which suggests that the stocking levels used were
below the technical maximum production per hec-
lare. However. most pmfiuacrﬁ choose 10 aperale at
a conservative level on the basis of risk and utiiity
{(McArthur and Dillon 19711, Wool and lamb pro-
duction did not respond to additional super-phos-
phate, but daa for avalable soil  phosphate
indicated that this level of production could be sus-
tained with a modest mput of superphosphate
{equivalent 1o 63 kgfhalyvear).

The third major fertiliser by stocking experiment
is referred to as the Long Term Phosphate Expen-
ment {LTPE). located at Hamilton, Victona, and
now in its 21st vear. Resulis have provided the
stimulus for the current Grassland Productivity Pro-
gramm which has been exlended through that stale
and beyond (Saul [998). The widely ranging com-
binatiens of stecking and superphosphate levels
used in the LTPE were sclected on the reasonable
graund that increased levels of superphosphate
would be unwarranted and certainly unprofitable
without a commensurate increase in stocking rate.
For this review, we have blocked the stocking reat-
ments into 2.5 breeding ewe classes o provide a
consistent format. Cells in which winter supple-
mentary feeding was required (Saul 1994) have
been blacked out in Figure 6 in order 1o present re-
sponses in wool production from grazing alone.
Production responded to both superphosphate and
stocking, with maximum wool production at levels
of 14-16 breeding ewesfha and about 200 kefha of
superphosphate. Allowing for reduced wodol pro
duction from breeding ewes {versus wethers) due 1o
the nunoonal demands of gesiation and lactaton,
this peak response is comparable 10 the Big Ridge
result. Valuable auxiliary data have been provided
for the effects of long-term superphosphale use on
the nutritive value of pasture species biomass { Saul
| 998). The largest increase in eslimated digestibility
occurred in subterranean clover and values for sev-
eral commonly occurring annual grasses were com-
parable to perennial ryegrass.

In summary, the evidence from the four major
experiments that have been reviewed is consistent
and provides a reasonably secure basis for resolving
the importance of the 35°s for sustaining the pro-
duction ol sown, set stocked and continuousty
grazed sheep pastures: The value of managing the
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Srazing process remains o he examined.
Continuous versus intermittent grazing.

The early argument for intermittent grazing was
based largely on the shape of the logistic relation-
ship between leal area and pasture growth rate and
the assumption that management of the grazing
process should aim to maintain leaf area within the
near hinear range of response. A recent review pro-
vides a4 more detailed perspective (Lemaire and
Chapman 1996). This includes the influence of leal
lifespan, senescence and the internal N economy of
the plant, along with animal factors such as stocking
rate and the proportion of the sward grared each
day. The authors conclude that differences in pas-
lure growth between continuously and intermit-
tently grazed pastures will be small, Since maost
studies have been based on “agronomically ideal’
pastures, we could add further effects on mean pas-
ture erowth from the wide range of growth rates;
patterns and grazing preferences in species-rich 'de-
graded’ pastures. The issue is complex and, hence, it
s important o evaluate animal data from experi-
ments that have compared continuous with rota-
tional systems. Two major Australian experi-ments
are neteworthy: both were conducted in sown pas-
tures in southern temperate HRZ and both were
soundly desiened and continued over a four year pe-
riod (Moore et al. 1946, Morley et al. 1969). Nei-
ther provided any evidence for an increase in animal
production from their rotational sequences.

From the plant viewpoint, there is undeniable
evidence that grazing management can affect pas-
ture composition, at least in the short term. The evi-
dence has been reviewed recently (Fitzgerald and
Lodge 1997 and advice given on seasonal periods
when valuable species are most vulnerable to graz:
ing pressure. Given a range of land capabilities and
pasture types on many farms, implementation of
these modest proposals seems feasible. However,
advocacy for cell grazing systems is at a different
scale, Unconfounded comparisons are difficult and
lengthy time periods are needed to demonstrate
claimed ecological changes. At the present time, ad-
vocacy for cell grazing appears o be based on “sub-
jective conviction', whereas ‘scientific object-ivity
must be the path of science’ (Popper 1968). This is
not necessarily a criticism, Subjective conviction is
the basis for the management of many enierprises
and is often associated with success; however, the
underlying reasons for such success can remain un-
defined.

Summing up
The following points summarise the evidence
that has been assembled:

o A decling in sheep nutrition and wool produc-
tion can he ateributed to loss of sown species
(phalarisfwhite clover) in well-fertthsed past-

ures. Losses increase progressively with set
stocking level and with ume. However the trend
15 non-linear and temporal change can be infiu-
enced by drought and a decline i the legume N
economy.

Successional change is consistently directed to-
wards annualisation. This can be atiributed
partly to poor climatic adaptation of the species
sown (e g Kemp and Dowling 1991} However
at any one site, the loss of sown and palatable
perennial grasses can be primarily explained as
a balance between their strong competitive abil-
ity under conservative stocking versus their vul-
nerability to increased levels of disturbance
from the combination of high stocking rates and
grazing preference. Gaps produced provide the
ppportunity for replacement species 1o establish.

Well-adapted, sown legumes have a pervasive
influence on both pasture and animal product-
ion. It is difficult to estimate the total contribut-
ton of legumes. Firstly the nitrogen economy of
Australian temperate pastures is legume-based.
Secondly, legume decline in the Big Ridge ex-
periment was associated with a subsequent de-
cline of the sown perennial grass. Finally, the
very high nutritive value of legumes per se has
been confirmed in many studies.

The effect of loss of the sown perennial grass on
production is also difficult toisolate, The pres-
ence of sown perennial grasscs has been linked
to rainfall and altitude (Kemp and Dowling
1991), adding to the difficulty. There was low
presence of sown perennial grass in both the
Kangaroo Island and the Stuart Town cxpen-
ments, but sub-clover was abundant and the
wool production responses. were  reasonably
consistent with the Big Ridge and Hamilton
data. Beneficial processes attributed to deep-
rooted perennial grasses could include a length-
ening of the pasture growing season, a betler
hydrology and an enhanced nulrient uptake. A
contribution to production of 25% from the
sown perennial grass appears feasible.

There is a long Australian history of research on
the phosphorus (P) and sulphur (8) needs of
pasture, involving the traditional use of single
superphosphate (9% P:10% 5). Evidence shows
the value of building a superphosphate applicat-
ion history (e.g. 1 tonne/ha), and then sustaining
pasture response with maintenance additions
{63-125 kg/hafvear). The Stuart Town exper-
iment provides an example of this low-input op-
tion, which needs to be supported by a
persistent legume such as sublerranean claver
(Rossiter 1964), A different option would be a
high input fertiliser regime, which produces a
good gross marging outcome (Saul 1998). This
may require land of high capability and a reli-
able climate, preferably with a long growing
season. Response would appear to be based on



Keith Hutelweson & Karhlean King

e N5

better winter growth of the sown species, a
higher nutritive value of those species as a result
of the migh fertihser input, and scope for some
graving management and [imited supplementary
feeding.

e Grazing management, which is targeted a1 re:
ducing grazing disturbance at critical umes, may
promote the persistence of sown species. [1isa
trujsm that the botanical composition of any one
portion of the pasture resource can be improved
by grazing management invalving “putting and
taking' from the farm animal pool. However.
the feasible use of this practice depends on the
diversity of the soil-pasture-animal resource of
the farm enterprise and this can be ignored in
‘put and take’ experiments,

The verdict

Sown temperate pasture decline 15 fact not fic-
tion, although some ‘facts’ can be illusory. The
stalus of sown, lemperate pastures is driven by man-
agement decisions on stocking type and level, long
term fertiliser strategy, and the extent to which man-
agement ol the gruzing process can stabilise the
grazing resource without compromising animal pro-
duction. When these decisions are combined with
other physical, hiological, cconomic and social con-
straints such as climate, land area and capability, di-
verse on-farm pasture and animal resources, nsk
and utility, environmental and regulatory issues.
commodity prices, debt to equity ratio and exiernals
such as income stability to be gained from off-farm
investment, then a substantial choice of manage-
ment strategies for providing stable and productive
grazing enterprises must emerge The ultimate chal-
lenge for research and development is (o pack-age
information on these issues so thal managers can
make better choices,
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